Ligand-modulated binding of a gene regulatory protein to DNA. Quantitative analysis of cyclic-AMP induced binding of CRP from Escherichia coli to non-specific and specific DNA targets.
This paper describes a generally applicable method for quantitative investigation of ligand-dependent binding of a regulatory protein to its target DNA at equilibrium. It is used here to analyse the coupled binding equilibria of cAMP receptor protein from Escherichia coli K12 (CRP) with DNA and the physiological effector cAMP. In principle, the DNA binding parameters of CRP dimers with either one or two ligands bound are determinable in such an approach. The change of protein fluorescence was used to measure CRP binding to its recognition sequence in the lac control region and to non-specific DNA. Furthermore, the binding of cAMP to preformed CRP-DNA complexes was independently studied by equilibrium dialysis. The data were analysed using a simple interactive model for two intrinsically identical sites and site-site interactions. The intrinsic binding constant K and the co-operativity factor alpha for binding of cAMP to free CRP depend only slightly on salt concentration between 0.01 M and 0.2 M. In contrast, the affinity of cAMP for CRP pre-bound to non-specific DNA increases with the salt concentration and the co-operativity changes from positive to negative. This results from cation rebinding to the DNA lattice upon forming the cAMP-CRP-DNA complex from cAMP and the pre-formed CRP-DNA complex. The CRP-cAMP1 complex shows almost the same affinity for specific and non-specific DNA as the CRP-cAMP2 complex, and both displace the same number of cations. It is concluded that the allosteric activation of CRP is induced upon binding of the first cAMP. These results are used to estimate the occupation of the CRP site in the lac control region in relation to the cAMP concentration in vivo. Under physiological conditions the lac promoter is activated by the CRP dimer complexed with only one cAMP. Furthermore, a model for the differential activation of various genes expressed under catabolite repression is presented and discussed.